PCT 



WORLD fNTELLECTUAL PROPERTY ORGANIZATION 
Interoitiond Bureau 




INTERNATIONAL APPUCATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Pi tent Classification * 
E21B 43/10, 17/10, 23/04 



A2 



(11) International Publication Number: 
(43) International Publication Date: 



(21) International Application Number: PC17GB96/02903 

(22) International Filing Date: 25 November 1996 (25.1 1.96) 



(30) Priority Data: 
95241097 



24 November 1995 (24.1 1.95) GB 



(71) Applicant (for all designated States except US); PETRO- 

UNE WIRELINE SERVICES LIMITED [GB/OBJ; Off- 
shore Technology Park, Claymore Drive. Bridge of Don 
Aberdeen AB23 8GD (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): CAMPBELL, Alasdair 
[GB/GBJ; 38 Bruce Crescent, Ellon AB41 9BW (GB). 
METCALFE, Paul. David [GB/GB]; North Wing. Bockler- 
bum Steading. Peterculter ABM ONP (OB). SCOTT, Brian 
[GB/GB |; Pemoline Wireline Service* Limited. Offshore 
Technology Park. Claymore Drive, Bridge of Don. Aberdeen 
AB23 &GD (GB). 

(74) Agents: McCALLUM, William. Potter et al.; Cruikshank A 
Fairwcather. 19 Royal Exchange Square. Glasgow Gl 3AE 
(GB). 



WO 97/20130 

5 June 1997 (05j06.97) 



(81) D«s£»ted states: AL. AM. AT. AU. A2. BA. BB. BG. BR 

5n ^ghFlF 1 ' ^ ^ DK. EE. ES, Fl. GB Ge! 
HU. !L. IS. JP. KE. KG. KP. KR. KZ, LC. LK. LR LS 
"J- LV. MD. MG, MK. MN. MW. MX, NO. PL,' 
PT, RO, RU. SD f SE, SC. SI. SK, TJ. TM, TK. TT UA 
UG US. UZ. VN. ARIPO patent (KE. LS, MW. SD. SZ.' 
UG). Eurasian patent (AM. AZ. BY. KG. KZ. MD RU TJ 
TM). European patent (AT, BE, CH. DE, DK. ES* FI W 
GB. GR. IE, IT. LU, MC. NL, PT. SE). OAPI patent <Bf' 
BJ. CF. CO. CI CM. GA, GN, MU MR. NE. SN TD. TG). 

Published 

WUhota international search report and to be republished 
upon receipt of that report. 



(54) Title: DOWNHOLE APPARATUS AND METHOD FOR EXPANDING A TUBING 



X 34 y-IO 40 17 It 14 




2* rt «a » 4k ?< 22 



44 SO 42 » 



(57) Abstract 

an outer surface thereof. The parts (16, 17) are feudally arranged in an axialry and einnirnfemi^ 



BEST AVAILABLE COPY 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States patty to (he PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armaria 


CB 


United Khgdom 


MW 


Malawi 


AT 


Axmm 


GC 


Geotfis 


MX 


Mexico 


AU 




CN 


Goiaea 


NE 




BB 


Bwbadca 


CR 


Green 


!*L 


Ncdvrtenda 


BR 




HU 


RtMfary 


NO 




BP 


BaktupBo 


IE 




NZ 


Mr* Zealand 


BC 




IT 




PL 


Poland 


BJ 




jr 




FT 


Itorwgal 


BR 


BfSzfl 


Kit 


Kenya 


BO 


Raaaaa ■ 


BY 


BdHUi 


KG 


KyrfyMaa 


RU 


Kantian Federation 


CA 


Canada 


KP 


DenoaMir Paeefe't Renabtic 


SO 


Sudan 


cr 


Cental Afrkan tUpattk 




of Korea 


St 




cc 


Cortjo 


KR 




SG 


Siatapoie 


Cll 




KZ 


Kuafchtiaa 


9 


Shmau 


CI 


Cted'frciR 


U 




SK 




CM 


Cmnoi 


LK 


Sri Lanka 


SN 


Senegal 


CK 


China 


LB 


Lfoeria 


sz 


Swealnnd 


CS 


Ceertuafavakia 


LT 


Udwaala 


TO 


Chad 


CZ 


Cttrt Rapnttie 


IX 




TG 


Top* 


Of 




LV 


Ltfvia 


TJ 


Tejkittan 


OK 




MC 


Monaco 


TT 


Trinidad and Tobej© 


KK 


Estonia 


MO 


Bcpabhe of Moldo* a 


VA 


Ukraine 


K5 


Spain 


MC 


Midapatv 


uc 


U t «od» 


n 


finlaad 


Ml. 


Mali' 


\JS 


UfMted Sues of Ararrica 


FR 




MN 




vz 


Uibekcsan 


CA 


Cabot 


MR 


. Msurkjpu 


VN 


VirtNa* 



WO 97/20130 



PCT/G B96/O2903 



10 



DOWWOLE APPARATUS AKD KETHOO FOR EXPANDING A TUBING 

This invention relates to downhole apparatus and in 
particular to apparatus for use in expanding liner or 
tubing. The invention also relates to a method of 
expanding tubing. 

WO-A-93\2S800 (Shell Internationale Research) 
describes a method of completing an uncased section of a 
borehole in an underground oil-bearing formation. A liner 
provided with overlapping longitudinal slots is fixed at a 
predetermined position in the borehole. A tapered 
expansion mandrel or cone is then moved through the liner 
and expands the liner to a diameter larger than the cone 
maximum diameter. Ideally, the liner is expanded to such 
an extent that it contacts the bore wall. In one 
application, the slotted liner supports the borehole wall 
15 while permitting oil to flow from the formation into the 
bore. In other applications the liner is expanded into 
soft cement, and after the cement has set the bore is 
drilled out to the diameter of the expanded liner. 

The liner may be run into the borehole with the cone 
20 already positioned at the liner upper or lower end, or the 
cone may be run in after the liner is fixed in the 
borehole. The latter operation requires provision of a 
cone with a smaller diameter configuration such that the 
cone may be passed through the bore casing and then 
25 expanded to a larger diameter configuration before being 
pulled or pushed through the liner. WO-A-93\25800 
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discloses one form of expandable cone, however the 
disclosed arrangement produces an expanded cone with a non- 
continuous circumference, resulting in non-circular 
expanded liner. This reduces the effective diameter and 
surface area of the liner, and results in the liner being 
spaced from the bore wall at a number of locations around 
the liner circumference; all of these features of the 
liner tend to reduce its effectiveness in terms of 
formation control and subsequent management. 

It is among the objects of embodiments of the present 
invention to provide an expansion mandrel or cone which may 
assume a smaller diameter first configuration to allow 
running in through an unexpanded liner but which, in a 
second configuration, will maintain a larger diameter for 
expanding liner to a substantially circular form. 

According to the present invention there is provided 
downhole apparatus for use in expanding tubing, the 
apparatus comprising a body for connection to a string and 
an expansion portion on the body which may be arranged to 
define a smaller diameter first configuration for running 
in and a larger diameter second configuration for expanding 
the tubing, the expansion portion including a plurality of 
radially movable parts for defining an outer surface 
thereof and which parts are axially and circumferentially 
25 offset for movement between the first and second 

configurations, and are axially alignable in the second 
configuration to define a substantially continuous outer 
circumference . 
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According to another aspect of the present invention 
there is provided a method of expanding tubing, the method 
comprising the steps of: 

providing apparatus comprising a body for connection 
5 to a string and an expansion portion on the body, the 
expansion portion including a plurality of radially movable 
parts for defining an outer surface thereof; 

arranging the parts in an axially offset first 
configuration in which the parts may assume a smaller 
10 diameter first configuration; 

mounting the apparatus on a string; 

running the apparatus into a borehole and through a 
length of expandable tubing; 

circuraferentially offsetting the parts; 
15 moving the parts radially outwardly and axially 

aligning the parts whereby the parts assume a larger 
diameter second configuration to define a substantially 
continuous outer circumference; and then 

pulling the expansion portion through the tubing to 
20 expand the tubing. 

The present invention thus avoids the disadvantages of 
existing proposals, in which the expansion mandrel or cone 
is made up of solely radially movable parts; to allow the 
parts to assume a smaller diameter configuration the parts 
25 must be circumf erentially spaced when in the larger 
diameter configuration. In the present invention the 
ability to axially offset the parts obviates the need for 
such spacing. 
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Preferably, two sets of expansion portion parts are 
provided, each set comprising a plurality of 
circumferentially aligned parts with spaces therebetween to 
accommodate the other parts when each set is in the larger 
5 diameter second configuration. The parts may be configured 
to allow one set of parts to be radially extended to the 
second configuration and the sets then axially aligned 
before the other set is extended. 

Preferably also, the apparatus includes means for 
10 moving the parts between the first and second 
configurations. The moving means may utilise mechanical 
forces transferred through the string but preferably 
utilise fluid pressure forces created by fluid pumped into 
or through the string and body. Thus, the body preferably 
defines a bore including a restriction to permit creation 
of a pressure force which may be utilised to drive a piston 
arrangement linked to the parts. 

Preferably also, the apparatus includes means for 
retracting the parts from the second configuration to the 
first configuration. Most preferably, the retracting means 
is in the form of a biassing arrangement, conveniently a 
spring. Alternatively, the retracting means may be fluid 
pressure actuated and in such an apparatus fluid pressure 
may also be utilised to actuate means for moving the parts 
25 from the first to the second configuration. In one such 

apparatus valve means is provided to allow a fluid pressure 
force to move the parts in one direction from the first to 
the second configuration and then in the opposite direction 
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from the second to the first configuration. The valve 
means may be actuated by. for example, application of an 
over-pressure to move a valve member from a first 
configuration to a second configuration. Such a valve 
means may be provided in conjunction with retracting means 
including a biassing arrangement, for use in the event of 
failure of the biassing arrangement. 

The parts may take various forms including: pivotal ly 
mounted or flexible fingers, the free ends of which may be 
extended by axial movement of the fingers relative to 
appropriate cam surfaces; or radially moveable keys, which 
may be extended by axial movement of the keys relative to 
appropriate cam surfaces. Where the parts are in the form 
of flexible fingers, the parts may normally define a larger 
diameter in the first configuration, but be inwardly 
deflectable to the smaller diameter; in the second 
configuration the fingers are supported such that they are 
not deflectable. 

According to a further aspect of the present invention 
there is provided downhole apparatus comprising a body for 
connection to a supporting string and a portion on the body 
which may be arranged to define a smaller diameter first 
configuration and a larger diameter second configuration, 
said portion including a plurality of radially movable 
parts which are axially and circumferentially offset in the 
first configuration, and are axially aligned in the second 
configuration. 

According to a still further aspect of the present 



WO 97/20130 



PCT/GB96/029O3 

invention there is provided fluid pressure 
downhole apparatus including: a body defining a bore; an 
annular actuating piston movable in the bore; and a valve 
piston movable relative to the actuating piston by 
application of bore fluid pressure, in a first position the 
valve piston permitting fluid pressure in the bore to be 
communicated to one side of the actuating piston and in , 
second position the valve piston permitting fluid pressure 
in the bore to be communicated to the other side of the 
actuating piston. 

These and other aspects of the invention will now be 
described, by way of example, with reference to the 
accompanying drawings, in which: 

Figure 1 is a sectional view of one half of downhole 
apparatus for use in expanding slotted tubing in accordance 
with a first embodiment of the present invention, the 
apparatus being shown in a first configuration; 

Figures la and lb are sectional views on lines la - la 
and lb - lb of Figure 1; 

Figure 2 corresponds to Figure 1, but shows the 
apparatus in a second configuration; 

Figure 2a is an end view of Figure 2; 

Figure 3 corresponds to Figure 2, but shows the 
apparatus ready for movement from the second configuration 
to the first configuration under the influence of fluid 
pressure ,- 

Figures 4 corresponds to Figure 3, but shows the 
apparatus after having been returned to the first 
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configuration under the influence of fluid pressure; 

Figure 5 is a sectional view of downhole apparatus in 
accordance with a second embodiment of the present 
invention, the apparatus being shown in a first 
5 configuration; 

Figure 5a is a development of a portion of the 
apparatus of Figure 5; 

Figure 6 corresponds to Figure 5, but shows the 
apparatus in a second configuration; 
10 Figure 6a is a development of a portion of the 

apparatus of Figure 6; 

Figure 7 is a sectional view of downhole apparatus in 
accordance with a third embodiment of the present 
invention, showing the apparatus in a first configuration; 
15 Figure 7a is a sectional view on line 7a - 7a of 

Figure 7; 

Figure 7b is a sectional view, corresponding to a view 
taken on line 7b - 7b of Figure 7 as the apparatus is 
passed through a restriction, and showing the apparatus in 
20 a first configuration; 

Figure 8 corresponds to Figure 7, but shows the 
apparatus in a second configuration; 

Figure 6a is a sectional view on line 8a - 8a of 
Figure 8; 

Figure 9 is a sectional view of one half of an 
actuating arrangement in accordance with an aspect of the 
invention, the arrangement being shown in a first 
configuration; 
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eh^„ g actuaei „ g arran9e „ ent ^ ^ ^ 

configuration; and 

configuration. 

° £ «— - .™. 

comprises a tubular body 12 whi<-h 

Y " which is connected to the lower 

- - • ««, M » a cam.. „ expansion porcion 

-cludin, fir . t and , econQ , ees 16 i? of ^ 

in Pigure 1, the fingers is 17 no- 
sers 16, 17 define a diameter smaller 

than that of the slotted tubing ie which the apparatus will 
be used to expand, such that the apparatus 10 may be run in 
through the tubing 13. As will be described, the fingers 
». » may thereafter be moved to a larger diameter second 
configuration < Figure 2> such that the apparatus 10 may be 
Pulled upwardly through the tubing is to expand the tubing 
into contact with the bore wall. 

Each set of fingers 16. 17 is mounted on a respective 
trolley or carriage 20, ai which is 
relative to the body «. each carriagft ^ 
transfer Keys 22, 23 extending through respective slots 24 - 
- the body 12 and engaging a respective part of an 
actuating arrangement 26. further details of which will be 
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described. In thi 3 example. each set 16, 17 includes three 
fingers, and each set is offset 60« from the other. 
Figures la and lb of the drawings illustrate the finger 
free ends 28, 29 in the smaller diameter first 
configuration. 

The upper face of each second carriage 21 defines a 
ramp 30 such that when the first set of fingers 16 is mov ed 
downwardly relative to the carriage 21, the free ends of 
the fingers 28 ride up the ramp 30 to assume the larger 
diameter configuration. A similar effect is achieved for 
the second set of fingers 17 by a ramp 31 defined by an 
enlarged lower body end portion 32. 

The upper end of the body 12 defines a spring chamber 
34 accommodating a coil spring 36 which normally biases the 
actuating arrangement 26 to a position in which the fingers 
IS, 17 are in the first configuration. The actuating 
arrangement 26 includes an inner sleeve 38, the upper end 
of which carries a collar 40 extending into the spring 
chamber 34, and which carries on its inner surface a sleeve 
42 defining a restriction 44. The lower end of the inner 
sleeve 38 is connected to the carriage 20 via. the load 
transfer keys 22 and also provides mounting for spring 
fingers 46 which protect a sleeve 48 linked to the second 
carriage 21 by the keys 23. 

To move the fingers 16, 17 from the first 
configuration to the second configuration, a ball 50 is 
pumped down the drill string 14 from the surface and 
engages the restriction 44 effectively sealing the lower 
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end of the string. Pumping down on ^ ^ s<) ^ ^ 
example to a pressure of 77.3 xg W (1100 pgi) # g 

pressure force which drives the actuating arrangement 26 
downwardly. As the actuating arrangement ^ ^ ^ 

the first carriage 20 is moV ed downwardly on the body « 
however the second carriage 2! does not move immediately 
Thus, the first set of fingers 16 ride up onto the carriage 
21 to assume the larger diameter second configuration. 
Continued movement of the actuating arrangement 26 brings 
the lower end of the first carriage 20 into contact with 
the upper end of the second carriage 21, and thus pushes 
the second carriage 21 downwardly such that the second set 
of fingers 17 ride up onto the body end portion 32. As 
will be noted from Figures la, lb and 2a, the edges of the 
sets of fingers 16, 17 are configured such that the second 
set of fingers 17 may be expanded radially outwardly 
between the previously expanded first set of fingers 16. 

With the fingers 16, 17 ln the larger diameter second 
configuration, the apparatus 10 is lifted on the drill 
string through the tubing „. forcing the tubing 18 to 
expand into contact with the bore wall. As is evident from 
Figure 2a. the configuration of the free ends of the 
fingers is such that the expanded fingers define a 
substantially continuous circumference, such that the 
expanded tubing has a circular form. 

In normal operation, following the expansion of the 
tubing' is. bleeding-off of pressure above the ball so will 
allow the spring 36 to lift the actuating arrangement 26 to 
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retract the fingers 16. 17 to the smaller diameter first 
configuration, such that the apparatus 10 may be retrieved 
from the bore hole. However, if the spring 36 should fail, 
or a part of the apparatus 10 has been damaged or jams such 
that the spring 36 does not produce sufficient force to 
return the fingers 16. 17 to the first configuration, fluid 
pressure may be utilised to lift the fingers, as will now 
be described. As noted above, the restriction 44 which 
engages the ball 50 is defined by a sleeve 42 mounted on 
the inner sleeve 38. The sleeve 42 is held in place by 
shear pins 52 such that by application of an overpressure, 
in this example around 280 kgW (4000 P si) , the pins 52 
will shear allowing the ball SO and sleeve 42 to move 
downwardly to abut a shoulder 54 on the inner surface of 
the sleeve 38, as shown in Figure 3. This movement brings 
a shear pin port 56 on the sleeve 42 into alignment with a 
shear pin port S8 in the sleeve 38. Thus, the fluid 
pressure from the string and apparatus bore can now be 
communicated into the spring chamber 34. below the collar 
40. This drives the collar 40, and the rest of the 
actuating arrangement 26, upwardly such that the fingers 
16. 17 are returned to the smaller diameter first 
configuration. to accommodate the displacement of fluid 
from the portion of the spring chamber 34 upwardly of the 
collar 40 a burst disc 60 is ruptured to allow fluid to 
flow from the chamber 34 into the bore hole annulus. 

Reference is now made to Figures 5 and 6 of the 
drawings, which illustrate downhole apparatus 70 for use in 
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expanding slotted tubing ^ acc<Jrdance ^ & ^ 
embodiment of the present invention. it should be noted 
that in these drawings the -upper- end of the apparatus 70 
is located to the left hand side of the drawings. The 
apparatus 70 comprises a tubular body 72 for connection to 
the lower end of a drill string ,„ot shown) and defining 
two sets of windows 74, 75 accommodating respective sets of 
keys 76, 77. An axially movable sleeve 70 is mounted 
within the body 72 and is biassed towards a first position 
by a coil spring 80 which acts between the sleeve 70 and 
the body 72. The sleeve 78 defines an annular surface 82 
and with the sleeve in its first position the surface 82 
supports the Keys 76, 77 in a smaller diameter first 
configuration, in which the apparatus 70 may be run through 
a length of slotted tubing 84 . The sleeve 78 also defines 
a second surface 86 on which the keys 76, 77 may be 
supported in a larger diameter second configuration, as 
shown in Figure 6 of the drawings. 

The lower end of the body 72 includes a collar 86 
defining a bore restriction which restricts downward 
movement of a ball 90 located within the bore. Thus, while 
running in, the ball 90 may be lifted from the collar 88 
allowing well fluid to flow into the apparatus 70 and drill 
string. However, on pumping down through the drill string 
and apparatus 70, the ball 90 is pushed against the collar 
88 to seal the bore such that the pressure within the bore 
rises. • The sleeve 78 is configured such that a positive 
pressure differential between the body bore and the 
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borehole annulus will , . 

will tend to drxve the sleeve 78 upwardly 

and thus move the kevs 7« it * 

Keys 76, 77 f rom tne firsc conf iguration 

to the second configuration, as will be described 

Each set of keys consists of three keys, and each set 
is circumferentially offset relat ive to the other by 60 - 
ln the first configuration the keys 76, 77 are also axially 
offset, as may be seen in p igure 5 . ^ 

windows 74, 75 are also circumferentially and axially 

offset, as may be seen in F igures 5a of ^ 

Upward movement of the sleeve 88 relative to the body 

72 first lifts the first set of keys 76 radially outwardly 
as a ramp portion 92 between the surfaces 82, 86 engages 
the inner lower face of the keys 76. i nitially , axial 
movement of the keys 76 is prevented by the window upper 
walls 94. However, as the keys 76 are moved outwardly each 
window wall 94 is brought into alignment with an axial slot 
95 in the respective key, which allows the keys 76 to be 

moved into axial alignment with . 

anient with the second keys 77 on the 

ramp 98 at the lower end of the a-^^ 

« 01 tne second surface 86 engaging 

the inner lower face of the kevs 7c -w 

e xeys 76. The second set of 

*eys 77 is moved outwardly by the ramp 92 coming into 
contact with the inner lower face of the keys 77. Thus at 
tbe end of the stroke of the sleeve 78, the keys 76, 77 are 
axially and circumferentially aligned, as illustrated in 
Figure 6a. to define the larger second diameter, ready to 
be pulled through the tubing. 

The keys 76. 77 are returned to the smaller diameter 
second configuration by bleeding off pressure f rom the 
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bore, such that the spring 80 returns the sleeve 78 to its 
initial position. Attesting to pull through a restriction 
after pressure is bled off will cause the Keys to collapse 
inwardly should the spring fail. 

Reference is now made to Figures 7 and 8 of the 
drawings, which illustrate downhole apparatus 150 for use 
in expanding tubing in accordance with a third embodiment 
of the present invention. The apparatus X50 includes a 
tubular body 152 for connection to a drill string X S4. 
Mounted to the lower end of the body 152 is a spring finger 
mounting assembly 156 frora which three spring fingers 158 
with enlarged free ends 160 extend axially downwards. The 
assembly 156 also defines an outer face of a spring and 
Piston chamber 162, the inner face of the chamber 162 being 
defined by a piston and cam assembly 164 which is axially 
movable relative the spring finger mounting assembly 156. 
The assembly 164 includes a sleeve 166 carrying a piston 
168 extending into the chamber 162. with a spring 170 
abutting an upper face of the piston 168 and tending to 
move the assembly 164 downwardly relative to the assembly 
156. Fluid port8 172 extend through the sleeve ^ 

provide fluid communication between the apparatus bore 174 
and the chamber 162, on the opposite side of the piston 168 
from the spring 170. 

The assembly 164 also defines a cam portion 176 which, 
with the apparatus 150 in a first configuration, is spaced, 
downwardly from the finger free ends 160, such that the 
ends 160 may be deflected inwardly as the apparatus 150 is 
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run into a bore hole (see Figure 7b) . 

The lower portion of the apparatus iso is a mirror 
image of the upper portion, though the lower set of spring 
fingers X78 are offset by 60 - co the upper fingers 158 
Further, a lower body portion 180 mounted on the lower end 
of the piston and cam assembly 164 defines a restriction 
184 in the bore 174 . 

For running in, the springs 170 tend to extend the 
apparatus 150 axially such that the spring finger free ends 
160 are spaced from the cam portion 176, allowing the 
fingers to be deflected inwardly as the apparatus ISO is 
run in and is run through borehole restrictions such as the 
length of slotted tubing 186 which is to be expanded. 
After passing through the tubing 186, fluid is pumped 
through the string and the apparatus bore 174, and the 
restriction 184. to create a pressure differential across 
the sleeve 166. Thia results in che p . fitons ^ ^ 

moved in the spring and piston chambers 162 to compress the 
springs 170 and to move the spring finger free ends 160 
onto the cam portion 176 (Figure 8) . With the fingers in 
this second configuration, the apparatus 150 may be lifted 
through the tubing 186 to expand the tubing, as illustrated 
in Figure 8. 

Once the tubing 186 has been extended, pressure is 
bled off from the bore 174 such that the springs 170 return 
the fingers 158 to the first configuration. 

Reference is now made to Figures 9, 10 and 11 of the 
drawings, which illustrate details of an actuating 
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arrangement i 90 suitable for use wir* 

- e Wlth apparatus as 

described above Tn , 

ve. In particular, the actuating arrangement 
190 is primarily intended for use with a ^u- „ * 

wlcn a modified form of 

the apparatus 10. 

The arrangement is provided within a tubular body 19 " a 
and includes an annular actuating piston l 94 , comprising a 
number of parts x 94a -d. l in) ced to an actuating rod i 96 
which transfers movement of the piston to the trolleys (not 
shown, on which the cone-forming fingers are mounted. A 
valve piston 1M is mounted within the actuating piston X 94 
and controls the movement of the actuating piston 194 , and 
thus the formation of the expanding cone, as will be 

described. The valve piston 198 comprises a 

valises a piston reverse 

sleeve 200 and a pressure retention sleeve 202. the sleeves 
200. 202 being linxed by a shear p in 204 . The p reS sure 
retention sleeve 202 is linxed to the actuating piston part 
1Mb by a further shear pin 206( and a ratchet 2QQ ^ 
provided between the sleeve 202 and part i 94c , the purDQSe 
of which will be described. 

Seals are provided between the piston X94 and the body 
192 at two locations 2X0. 2X1. with the valve piston X 98 
in a first configuration, as illustrated in Figure x 
Pressure from the surface (from the left hand side in the 
Figures) acts downwardly and creates a differential 
pressure acting over the area between the seals 2X0. 2X1 
to move the piston l 94 downwardly to form the expanding- 
cone. The fluid pressure is communicated from the body 
bore to the piston 194 via ports 212, 213, 214 in the 
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piston reverse sleeve 200, the pressure retention sleeve 
202 and the actuating piston part 194c. respectively. 

Once the cone has been formed, application of a first 
overpressure, for example 10 x 10' Pa (iSOOpsi) , shears the 
pin 206 and permits movement of the valve piston 19* 8 . 
relative to the actuating piston 194, to an intermediate 
position (Figure 10) in which the port 214 is closed by the 
pressure retention sleeve 202. If the pump at the surface 
providing the actuating pressure is then shut off, the 
piston 194 will remain in its downward position, and the 
cone remain formed, as the sleeve 202 is held in the 
intermediate position by the ratchet 208 and traps the 
pressurised fluid behind the piston 194. 

To retract the piston, and retract the cone -forming 
fingers to allow removal of the apparatus from the 
borehole, a further overpressure, for example 33 x 10' Pa 
(SOOOpsi) is applied, which shears the pin 204. allowing 
separation of the sleeves 200, 202 and opening another port 
216 in the actuating piston part 194c. This permits the 
high pressure bore fluid to act on the reverse area or 
underside of the piston 194 and push the piston upwards. 
The fluid trapped between the seals 210, 211 escapes into 
the borehole annulus via a 33 x 10' Pa (SOOOpsi) burst disc 
218, which defines a small area port 220 to provide 
controlled movement of the piston 194. 

It will be apparent to those of skill in the art that 
the above-described embodiments are merely exemplary of the 
present invention, and that various modifications and 
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improvements may be made thereto, without departing from 
the scope of the invention, for example the number of cone- 
forming fingers may be varied. The above embodiments are 
described as being mounted on drill pipe , though of course 
the apparatus may be mounted on any suitable supporting 
member or string, including coil tubing. It will also be 
clear that where terms such as -upper-, -lower- and the 
like have been used, this has merely been to facilitate 
understanding, and the apparatus may of course be utilised 
in horizontal and inclined bore holes and in different 
orientations. Further, although the illustrated 

embodiments are described for use with slotted tubing, it 
will be clear that the apparatus of the invention may be 
utilised to expand other tubing forms and configurations, 
15 including sandscreens. Also, the actuating arrangement 
190, although described with reference to a tubing 
expanding apparatus, may be utilised in any suitable fluid 
actuated downhole apparatus. 
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1. Downhole apparatus for use in expanding tubing, the 
apparatus comprising a body for connection to a string and 
an expansion portion on the body which may be arranged to 
define a smaller diameter first configuration for running 
in and a larger diameter second configuration for expanding 
the tubing, the expansion portion including a plurality of 
radially movable parts for defining an outer surface 
thereof and which parts are axially and circumferentially 
offset for movement between the first and second 
configurations, and are axially alignable in the second 
configuration to define a substantially continuous outer 
circumference . 

2. The apparatus of claim 1, wherein at least two sets of 
expansion portion parts are provided, each set comprising 
a plurality of circumferentially aligned parts with spaces 
therebetween to accommodate the other parts when each set 
is in the larger diameter second configuration. 

3. The apparatus of claim 2. wherein said parts are 
configurable to permit one set of parts to be radially 
extended and both sets then axially aligned before the 
other set is extended. 



4. The apparatus of any of the preceding claims further 
comprising means for moving the parts between the first and 
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comprising means for moving the parts between the f irst and 
second configurations. 



5. The apparatus of claim 4, wherein 

im *, wnerem said moving means is 

mechanically actuated. 



6. The apparatus of claim 4 or 5 wherein a 

wnerem said moving 

means is fluid pressure actuated. 

7- The apparatus of claim «. wherein the body defines a 
bore including a restriction and a piston arrangement is 
provided and linlced to the parts, whereby a pressure 
differential may be created to drive the piston and move 
the parts from the first configuration to the second 
configuration. 



B. The apparatus of claim 7. wherein the piston 
arrangement includes a piston chamber and means for sealing 
the chamber to retain pressurised fluid therein and lock 
the parts in the second configuration. 

9- The apparatus of any of the preceding claims further 
comprising means for retracting the parts from the second 
configuration to the first configuration. 

10. The apparatus of claim 9, wherein the retracting means, 
includes a biassing arrangement. 
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means is fluid pressure actuated. 



12. The apparatus of claim U, f urther comprising flu - d 
pressure actuated means for moving the parts from the first 
to the second configuration and valve means for providing 
fluid communication with said moving means to move the 
parts in one direction from the first to the second 
configuration and then providing fluid communication with 
said retracting means to move the parts in the opposite 
direction from the second to the first configuration. 

13. The apparatus of claim 12. wherein the valve means is 
a member controlling access to an actuating piston and in 
a first configuration permits fluid communication with one 
side of the piston to move the parts in one direction and 
in a second configuration permits fluid communication with 
the other side of the piston to move the parts in the 
opposite direction. 



14. The apparatus of claim 13, wherein the valve member is 
movable in response to applied fluid pressure. 

15. The apparatus of claim 14, wherein the actuating 
piston is located in a piston chamber and between the first 
and second configurations the valve member is movable to an 
intermediate configuration to seal the chamber and retain 
pressurised fluid therein to lock the parts in the second 
configuration. 
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16. The apparatus of any of claims i to 15 . wherein ^ 
pares are flexible fingers having axially deflectable free 
ends and means is provided for supporting said free ends in 
the second conf iguration. 

17. The apparatus of any of any of claims l to is. wherein 
the parts are pivotally mounted fingers. 

18. The apparatus of any of claims l to 15, wherein the 
parts are radially moveable keys. 

19. The apparatus of claim 17 or 18, further comprising 
cam surfaces for extending the parts following axial 
movement of the parts relative to the cam surfaces. 

20. A method of expanding tubing, the method comprising 
the steps of: 

providing apparatus comprising a body for connection 
to a string and an expansion portion on the body, the 
expansion portion including a plurality of radially movable 
parts for defining an outer surface thereof; 

arranging the parts in an axially offset first 
configuration in which the parts may assume a smaller 
diameter first configuration; 

mounting the apparatus on a string; 

running the apparatus into a borehole and through a 
length of expandable tubing; 
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circumferentially offsetting the parts; 

moving the parts radially outwardly and a x i a 1 1 y 
aligning the parts whereby the parts assume a larger 
diameter second configuration to define a substantially 
continuous outer circumference; and then 

pulling the expansion portion through the tubing to 
expand the tubing. 

21. Downhole apparatus comprising a body for connection to 
a supporting string and a portion on the body which may be 
arranged to define a smaller diameter first configuration 
and a larger diameter second configuration, said portion 
including a plurality of radially movable parts which are 
axially and circumferentially offset in the first 
configuration, and are axially aligned in the second 
configuration. 



22. Fluid pressure actuated downhole apparatus including: 
a body defining a bore; an annular actuating piston movable 
in the bore; and a valve piston movable relative to the 
actuating piston by application of bore fluid pressure, in 
a first position the valve piston permitting fluid pressure 
in the bore to be communicated to one side of the actuating 
piston and in a second position the valve piston permitting 
fluid pressure in the bore to be communicated to the other 
side of the actuating piston. 
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